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Introduction
Artificial insemination (AI) of the turkey breeder hen before the start of egg production (oviposition) results generally in a high initial rate of fertility (Mclntyre et ai, 1982) . These authors suggested that before the onset of egg production the oviduct, and particularly the sperm-storage tubules (SST) located at the uterovaginal junction, are more receptive to spermatozoa and, there¬ fore, maintain a larger reservoir of spermatozoa within the SST than in hens inseminated after the onset of egg production. It has also been suggested that AI before the onset of egg production allows more time for spermatozoa to reach and enter the SST (Mclntyre & Christensen, 1983) . A more precise physiological basis of the observed higher fertility in hens inseminated before the onset of egg production compared to hens initially inseminated after the onset of egg production has not been suggested.
Sperm-storage tubules are present in the oviduct of 30-week-old hens possessing immature ovaries and oviducts and not yet exposed to stimulatory light (here defined at 14 h of continuous light followed by 10 h of no light) (Bakst, 1987) . Even though SST are present in such hens, there is no evidence to suggest whether they are capable of storing spermatozoa and maintaining the ferti¬ lizing ability of the resident spermatozoa. The present study investigated these matters.
Materials and Methods
Experiments. Medium White turkey breeder hens were used in fall (September-November, Trial 1) and spring (March-May, Trial 2) trials (60 hens per trial). Initially, poults were maintained in floor pens in a light-proof grow-out facility on 6 h light (10:00-16:00 h). (Sexton, 1980) . Each AI dose contained 50 106 spermatozoa for a total of 150 106 spermatozoa per hen. If the vagina was occluded by a membranous fold (referred to here as the hymen) when the oviduct was everted, the inseminator gently punctured the hymen, expressed the fluid contents, and proceeded with the insemination. Within each trial, pooled semen from the same males was used on each insemination day.
The day a hen laid the first egg and the day a hen first squatted was determined based on twice daily walk-throughs of the hen facility beginning from Day Oto the end of the experiment. The day offirst squatting was determined based on the first observation of squatting behaviour and the persistence of such behaviour after gentle prodding.
Starting at Day 0 through the 3rd week after photostimulation, 5 hens per group were killed 24 h after insemi¬ nation (except for Group A, Trial 1, from which hens were killed just before AI) with pentobarbitone sodium and the ovaries and oviducts were excised and weighed. An additional 5 hens per week were inseminated as above from Weeks 4 to 7 after photostimulation and then killed as described above to follow ovary and oviduct development and SST sperm-storage capacity further. The location of an oviducal egg-mass was noted and the egg-mass was removed before weighing the oviduct. The presence or absence of SST in unfixed mucosa of the uterovaginal junction was determined (Bakst, 1987 The percentage of fertile eggs at candling for each hen (considered a replicate within each group) for each week after photostimulation starting at Week 3 was transformed (arcsin). Analysis of variance of a completely random split-split plot design (within treatment groups and within trials) was used to determine the effects of group treatment and experimental trial on egg production and fertility. An additional source of variation, week after AI, was used to equalize the effects of staggered, weekly inseminations between individual groups. Least square means were calculated to adjust for unequal sample sizes (SAS, 1985) . Statistical analyses of percentage data were done on arcsin transformed data, and the means presented in Tables 2 and 3 represent (Table 3) . Hens in Groups A, and C in Trial 1 had uniformly high fertility for Weeks 3 and 4 after AI and remained higher than that in Group D hens throughout this 6-week period. Trial 2 showed a different pattern of fertility from that in Trial 1 in that, after Week 3, hens in Group A had consistently lower weekly fertility than did those in the remaining groups.
Discussion
The presence of SST in 33-week-old hens at the time of photostimulation was confirmed in this study. Furthermore, based on histological observations of spermatozoa within the SST and the subsequent fertility of hens inseminated on Days 0, 7, 14 or 21 after photostimulation it is suggested (Schimke et ai, 1977) . Although Pescatore & Marquez (1977) noted the proliferation of SST in 1-, 6-and 8-week-old poults given oestradiol alone or in combination with progesterone, Sharp (1980) Regardless of what the direct effectors of SST differentiation may be, the rapid growth of the oviduct after the onset of photostimulation should lead to a net increase in the number of SST. Since SST were not quantified it is not known if the nearly 4-fold increase in oviduct weight after only 2 weeks of photostimulation is accompanied by a similar increase in the number of SST. Goodrich-Smith & Marquez (1978) did note that photostimulated hens at 28-31 weeks of age possessed 20 SST/mm2 while hens at 38-56-5 weeks of age had 25 SST/mm2 (statistical analysis was not provided). If there was a net increase in the number of SST corresponding to the increase in oviduct weight, one would assume that more spermatozoa could be retained in the heavier oviducts which should result in higher fertility levels and longer duration of fertility. The short duration of fertility of hens inseminated the day of the onset of photostimulation (Group A) in Trial 2 when compared to the remaining groups may have been due to fewer SST. However, the corresponding group in Trial 1 had sustained high fertility which would indicate that the absolute numbers of SST may not influence fertility. Two factors which probably played more significant roles in the differences in fertility between Trials 1 and 2 for Group A are differences in season and different inseminators for each trial (the more experienced inseminator worked in Trial 1). Inseminator experience could be a significant factor because the hymen was intact in nearly all Group A hens and had to be punctured before AI. Upon puncture of the hymen, which generally had an opaque blister-like appearance, about 1 ml of a highly viscous fluid was extruded. The initial insemination was made immediately after this fluid was voided. Whether the differences in the days of first squat and first lay between the trials are related to subsequent fertility is not known. Mclntyre & Christensen (1983) observed that the percentage of SST possessing spermatozoa in turkey hens inseminated before the onset of egg production (72%) was significantly greater than in hens inseminated after the onset of egg production (44%). They suggested that ovulation and/or oviposition and/or the presence of an egg mass in the oviduct may interfere with the process of sperm acceptance into the SST. In the present study, hens inseminated 7 and 14 days (Trial 1) and 7 days (Trial 2) after the onset of photostimulation possessed a higher percentage of SST with spermatozoa (a maximum value of 49%) than did hens inseminated at other times. Why the percentages of SST containing spermatozoa in the present study are low relative to Mclntyre & Christensen's (1983) observations is not clear but could be due to differences in management or experimental procedures (e.g. 8 µ thick sections examined by Mclntyre & Christensen, 1983) .
Observations from the present study and those by Fujii & Tamura (1963) and Hatch (1983) provide insight into the relationship between sperm storage and the ovulatory status of birds. Oviducal sperm storage before maturation of the ovary (and one assumes before maturation of the oviduct) has been reported for the northern fulmar (Fulmarus glacialis). Hatch (1983) observed that once northern fulmars established a pair-bond and a nest-site, mates would copulate several times over several days and then separate for about 3 weeks on a "pre-laying exodus". Within 24 h of returning to the nest the female would lay a single egg. Hatch (1983) concluded that since mating activity was unlikely during the pre-laying exodus, then the oviducal SST must function "... as an important pre-adaption that makes the pre-laying exodus possible ...". Hatch (1983) did not find evidence of sperm storage elsewhere in the oviduct. In one of the first studies describing the func¬ tion of the SST in the chicken, Fujii & Tamura (1963) noted the presence of spermatozoa in the SST after inseminating hens which were in moult, out of egg production, and possessed an 'inactive' oviduct. Likewise, T. R. Birkhead (personal communication) examined a wood pigeon (Columba palumbus) in the early part of its breeding season: the bird possessed a very small ovary (a maximum follicle diameter of 3 mm) and an undeveloped oviduct, but histological examination showed abundant SST, many of which contained spermatozoa, in the oviduct. All these obser¬ vations indicate that SST differentiation and the ability of SST to store spermatozoa precede ovarian follicular maturation and cyto-differentiation of the remaining oviducal segments.
Considering the aforementioned observations as well as the conclusions of Burke & Ogasawara (1969) , which indicated that the release of spermatozoa from the SST in chickens in egg production is not cyclical, i.e. not associated with ovulation and/or oviposition or "... a precisely timed neural or hormonal event related to the ovulatory cycle ...", the following hypothesis is proposed. The mechanism which assures that spermatozoa are released from the SST and transported to the site of fertilization is activated just before the first ovulation and is maintained as long as the female is in egg production. Sperm release from the SST is slow and continuous throughout the daily ovulatory cycle (Burke & Ogasawara, 1969; Bakst, 1981) and, for reasons explained elsewhere (Bakst, 1981) , sperm release in the turkey does not cease between clutches. However, based on the work of Bushman et ai (1985) , sperm release may cease when the hen is anovulatory, i.e. out of egg production.
An alternative hypothesis is that sperm release from the SST is continuous and is under no external control. Spermatozoa released from the SST between AI and the first ovulation may ascend the oviduct to the secondary sperm storage sites of the infundibulum-magnum junction. However, preliminary attempts at flushing and recovering spermatozoa from these sites in hens inseminated before the onset of egg production were unsuccessful (unpublished). It is possible that the sperm-transport mechanism anterior to the uterovaginal junction becomes functional shortly before the initial ovulation, and so spermatozoa could continuously leave and re-enter SST until the adovarian transport mechanism is functional.
To conclude, the observations in this study offer some practical application to managers scheduling the initial inseminations of a turkey breeder flock. Typically, the first insemination is shortly before or after the onset of egg production, about 15-20 days after the onset of photostimulation. This study shows that insemination is effective and, if necessary, the hymen can be manually ruptured at any time after the onset of photostimulation without affecting the day of first lay, or subsequent egg production and fertility.
